SUMMARY In 44 patients with coronary disease the relation between work and ST segment depression (AST) was investigated during graded exercise standardised in terms of each subject's maximum work capacity (W max). In 10 patients who were subsequently treated medically (group M) the relation remained unaltered during subsequent studies at three and 12 months.
SUMMARY In 44 patients with coronary disease the relation between work and ST segment depression (AST) was investigated during graded exercise standardised in terms of each subject's maximum work capacity (W max). In 10 patients who were subsequently treated medically (group M) the relation remained unaltered during subsequent studies at three and 12 months.
In all patients the effect of beta blockade (3 mg pindolol iv) on the work-AST relation was examined and two groups were identified before surgery on the basis of their response to the beta blocker. In 28 patients who subsequently underwent coronary bypass surgery (group SA) and the 10 patients of group M beta blockade significantly altered the relation so that there was less ST depression at a given workload. However, in six patients who also subsequently underwent bypass surgery (group SB) there was paradoxically more pronounced ST depression after pindolol. There was no alteration in maximum work capacity after pindolol in any of the groups.
In the 28 group SA patients there was one death after surgery; the work-AST relation in the other 27 patients of this group was even less depressed than with pindolol at a given workload and maximum work capacity had increased by 32 ± 6 per cent; most patients were asymptomatic. In group SB patients the response to surgery was uniformly poor and all patients continued to have angina. No change occurred in the work-AST relation after surgery, there were two late deaths, and all six patients had evidence of postoperative infarction.
The direction of shift by beta blockade of work-AST curve may have prognostic significance for subsequent coronary artery surgery.
There have been relatively few studies in which medical and surgical treatment for ischaemic heart disease have been compared in the same patients using objective methods.' While factors such as left ventricular dysfunction or distal coronary artery disease have been identified as important determinants of outcome after coronary artery bypass grafting, the identification by other criteria of subgroups with a good or poor prognosis remains an important priority.
In the present study, changes in maximum work capacity and the relation between work and ST segment depression (AST) were examined in 44 patients with ischaemic heart disease, before and after acute beta blockade. The relation between work, normalised as a fraction of each patient's maximum work capacity, and AST was found to be curvilinear in all patients before treatment (Fig. 2) . After administration of pindolol the relation altered in 38 patients so that less ST segment depression occurred for a given workload (p < 001). Ten of these patients were treated medically (group M). Operation was performed in 34 patients (group S). In 28 of these patients the shift from control after beta blockade was similar to that in group M (group SA). However, in six patients there was a shift in the opposite direction after beta blockade in the work-AST relation so that there was more ST depression at a given workload above 05 maximum work capacity (group SB) (p <0-01). Each of these patients subsequently underwent surgery. The clinical characteristics of the three groups of patients are summarised in Table 1 .
At three and 12 months (Fig. 3 ) the work-AST curves obtained without beta blockade in group M remained virtually unaltered from the control response. However, at three months the surgically treated patients who had responded favourably to acute beta blockade now had significantly less ST segment depression for a given workload (groups SA) (p < 0-01). By contrast, for the surgical patients with the previous paradoxical response to pindolol the work-AST segment relation remained the same as before surgery. There was no further change in this relation in any of the groups after 12 months.
Thus one year after entry into the study, only the patients in group SA showed improvement in the work-AST relation. Not all patients reported for their exercise tests after two years though clinical 421 -SA group.bmj.com on June 15, 2017 -Published by http://heart.bmj.com/ Downloaded from information was obtained from all surgically treated patients. In 18 group SA patients and three group SB patients no significant change occurred in the work-AIST relation between one and two years after operation.
MAXIMUM WORK CAPACITY
Maximum work capacity before treatment was 900 +82, 677 +33, and 658 +55 kpm/min for groups M, SA, and SB, respectively (Fig. 4) . The higher value for group M reflected the greater heterogeneity of the extent of disease of patients in this group. No change occurred in any group after acute beta blockade. After three and 12 months of medical treatment mean maximum work capacity in group M patients was 867 ± 110 kpm/min, not significantly different from control. However, three months after surgery maximum work capacity in group SA patients had increased on average by 19-3 ±6 per cent to 808 ±34 kpm/min (p < 0 001) and this figure was still maintained 12 months after operation and was then 860 ±36 kpm/min. However, in three of the five patients in group SB who were still alive three months after operation, maximum work capacity had not increased from the preoperative value. HEART RATE CHANGES AND PLASMA PINDOLOL There was a linear relation between heart rate and workload in all patients (Fig. 2) . Maximum heart rates attained by the three groups were similar at 136 ±4 3, 133-6 ±1-7, and 133-8 ±2-4 beats/min for groups M, SA, and SB, respectively. After pindolol the rise in heart rate for increasing work was attenuated similarly in each group so that overall the slope of the work-heart rate relation was reduced by 31-7 per cent (p < 0 001). At three months maximum heart rates attained were similar to control in group M, but significantly higher in the post-surgery patients at 142-5 ±2 7 beats/min, the increase being in proportion to their increase in maximum workload. Mean plasma pindolol concentrations 45 minutes after administration were 39-6 ±8-7, 43-2 ±6-7, and 42-6 +5-7 ng/ml for groups M, SA, and SB, 
Discussion
The morbidity and mortality of the whole group of surgically treated patients are similar to those recently reported. ' The effects of beta blockade and of surgery on maximum work capacity and ST changes during exercise are also in agreement with previous findings,6-9 though, to our knowledge, the effects of beta blockers and surgery have been examined in the same patients in only one study.6 However, using the change in work-AST curve after beta blockade a subgroup was identified in this study in whom there was subsequently a much higher incidence of patients with persistent angina, myocardial infarction, and death after surgery.
The present study has shown that the relation between standardised work and ST segment depression is curvilinear in patients with angina resulting from coronary artery disease, in agreement with previous findings.3 The results of repeated tests over a period of one year in patients of group M in whom the degree of angina did not change shows that the relation is reproducible, as is the value of maximum work capacity, Thus, the fact that in the surgically treated patients of group SA there was less ST depression for a given standardised workload as well as a significant rise in absolute value of maximum work capacity and maximum heart rates during exercise suggests diminution in the degree of myocardial ischaemia and improvement in myocardial function despite presumed increase in oxygen demand. The value of maximum work capacity in group SA after surgery of 860 kpm is approaching the normal range for a middle-aged Australian population.'0 Improvement in exercise performance after coronary surgery has been noted in patients in whom no grafts are patent, possibly related to myocardial infarction at the time of surgery.'1 It is unlikely that this is the cause of (unpublished data) . By contrast, group SB patients showed no improvement in work-AST relation, despite having the least initial ST depression of the three groups, nor any improvement in maximum work capacity or maximum heart rate during exercise. Presumably, any improvement resulting from myocardial revascularisation was cancelled out by the clearly complicated postoperative course followed by these patients.
It is of interest that by standard clinical and haemodynamic criteria this latter group was considered suitable for bypass grafting and was indistinguishable from group SA. The only retrospective difference between the two surgical groups was the response to acute beta blockade during the initial exercise test.
The attenuation, without complete restoration to normality in groups M and SA observed in the standardised work-AXST segment relation after pindolol, was similar to that observed previously after other beta blockers.3 12 Beta blockade did not alter maximum work capacity, but lowered the heart rate at a given workload. The dose of pindolol produces maximum beta blockade of the heart rate response to exercise in normal subjects under conditions similar to those of the present tests." The plasma pindolol concentrations of 25 to 35 mg/ ml of the present study are on the upper plateau of the concentration-exercise heart rate response curve. Hence the reduction in ST depression at a given workload in groups M and SA suggests diminution of myocardial ischaemia resulting from a reduction in myocardial oxygen demand, secondary to the attenuated heart rate response. However, in group SB the degree of myocardial ischaemia is apparently aggravated at high workloads despite the fact that the heart rate response was attenuated to a similar degree to that in group SA. 
